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(57) Abstract: A method of delecting the presence or absence of variant nucleotides con- 
tained within target nucleic acid sequences, said method comprising the use of al least one 
pair of target- sped lie amplification primers capable of hybridizing to target nucleic acid 
sequences, and the use of at least one set of labeling primers, each set consisting of at least 
two lypes of labeling primers capable of hybridizing to corresponding target nucleic acid 
sequences 3-rclative to said amplification primers, such that each set of labeling primers is 
semi-nested relative to the corresponding pair of amplification primers. 
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Specific Multiplex Analysis of Nucleic Arirte 

The present invention provides a novel type of amplification and 
detection method that allows homogeneous multiplex analysis of nucleic acid 
sequences and the detection of single nucleotide polymorphisms and 
nucleotide sequence changes such as point-mutations, variant alleles, 
deletions, insertions, repeats and/or inversions. Additionally, the invention 
may be useful for the quantification of nucleic acids and genotyping. 

Homogeneous assays for the detection of nucleic acid sequences, 
especially for the detection of single-nucleotide polymorphisms (SNPs), are a 
critical tool for genetic analysis and have been developed into commercial 
products particularly for clinical diagnostics. SNPs are evolutionary stable point 
mutations scattered throughout the human genome at every 500 to 1000 DNA 
bases and, therefore, represent the most common genetic Variation in human 
populations (Cooper et al., Hum Genet 1985, 69:201-205; Collins et al., 
Genome Res 1998, 8:1229-1231). The genome of any two non-related 
individuals is estimated/to differ in at least three million nucleotide positions, 
approximately 500,000 located in coding regions. The availability of the 
complete sequence of the human genome (International Human Genome 
Sequencing Consortium, Nature 2001, 409:860-921) now provides the basis 
for the generation of a whole-genome SNP map, a powerful tool for genetic 
analysis which will uncover the association of SNPs with many disease traits, 
and holds great promise for the optimization of new drug development and the 
individualization of clinical diagnostics and therapeutics (Bentley, Med Res Rev 
2000, 20:189-196; Pfost et al., Trends Biotechnol 2000, 18:334-338; Schork 
et al., Clin Genet 2000, 58:250-264). Future developments will focus on 
identifying and/or screening few dozens to hundreds of SNPs relevant to 
certain disease areas (e.g. cancer, neurodegenerative or cardiovascular 
disease) rather than performing whole-genome SNP scans for each individual. 
Methods meeting the requirements of these developments must allow flexible 
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and rapid assays, medium- to high-throughput and high-quality genotyping for 
SNPs of interest. Currently applied methods for the analysis of nucleic acid 
sequences, especially the analysis of SNPs, include restriction fragment-length 
polymorphism analysis of polymerase chain reaction products (RFLP-PCR), 
hybridization with allele-specific oligonucleotides (Nickerson et al., Proc Natl 
Acad Sci USA'l990, 87:8923-8927; Saiki et al., Proc Natl Acad Sci USA 1989, 
86:6230-6234; de Verlaan et al., Gene 1986, 50:313-320; Wallace et al., 
Nucleic Acids Res 1981, 9:879-894; Zhang et al., Nucleic Acids Res 1991, 
19:3929-3933), allele-specific PCR (Gibbs et al., Nucleic Acids Res 1989, 
17:2437-2448; Newton et al., Nucleic Acids Res 1989, 17:2503-2516), 
oligonucleotide ligation assay (Grossman et al., Nucleic Acids Res 1994, 
22:4527-4534; Landegren et al., Science 1988, 241:1077-1080), allele- 
specific ligase chain reaction (Abravaya et al., Nucleic Acids Res 1995, 23:675- 
682; Barany, Proc Natl Acad Sci USA 1991, 88:189-193; Wu und Wallace, 
Genomics 1989,4:560-569), high-density chip arrays for allele-specific 
hybridization analysis (Wang et al., Science 1998, 280:1077-1082; Yershov et 
al., Proc Natl Acad Sci USA 1996, 93:4913-4918), the 5'-nuclease assay 
(Holland et al., Proc Natl Acad Sci USA 1991, 88:7276-7280; Lee et al., 
Biotechniques 1999, 27;:342-349; Livak, Genet Anal 1999, 14:143-149; Livak 
et al., PCR Methods Appl 1995, 4:357-362), the template-directed dye- 
terminator incorpbration assay (Chen and Kwok, Nucleic Acids Res 1997, 
25:347-353; Chen et al., Genome Res 1999, 9:492-498 and Proc Natl. Acad 
Sci USA 1997, 94:10756-10761), the molecular beacon allele-specific 
oligonucleotide assay (Marras et al., Genet Anal 1999, 14:151-156; Tyagi and 
Kramer, Nat Biotechnol 1996, 14:303-308), the allele-specific fluorescence 
energy transfer (LightCycler) assay (Bernard et al., Anal Biochem 1998, 
255:101-107; Lay and Wittwer, Clin Chem 1997, 43:2262-2267), the 
structure-specific invasive endonuclease cleavage assay (Lyamichev et al., 
Nat Biotechnol 1999, 17:292-296), and the pyrosequencing assay (Ahmadian 
et al., Anal Biochem 2000, 280:103-110, Alderborn et al., Genome Res 2000, 
10:1249-1258). 



WO 01/71028 




PCT/EPO1/03397 



- 3 - 

Most of the methods currently employ macroscopic fluorescence 
techniques, encompassing conventional fluorescence intensity, fluorescence 
polarization, energy transfer, or fluorescence quenching, which monitor the 
average fluorescence output from the ensemble of emitting fluorophores. In 
contrast, the single-molecule detection technology fluorescence correlation 
spectroscopy (FCS) (Eigen and Rigler, Proc Natl Acad Sci USA 1994, 91:5740- 
5747; Elson and Magde, Biopolymers 1974, 13:1-27, Magde et ah, Phys Rev 
Lett 1972, 29:705-708 and Biopolymers 1974, 13:29-61) statistically samples 
the fluorescence fluctuations of single molecules in discrete time intervals with 
a temporal resolution down to nanoseconds and below. Many such detection 
events are then averaged to define the properties of the whole assay system. 
Analysis of single molecular events is accomplished using confocal optics with 
an illumination/observation volume of approximately 0.24 fl (10" 15 liter) and 
has several advantages over conventional macroscopic fluorescence methods. 
For example, problems derived from probe adsorption, autofluorescence of 
reaction components or of reaction vessels, as well as inner filter effects are 
virtually eliminated. This results in a high signal-to-noise ratio and maximum 
sensitivity which is essentially independent of the assay volume and allows 
ultimate assay miniaturization down to 1 ml or below, an essential prerequisite 
of high-throughput analysis. Autocorrelation of fluorescence fluctuations 
provides multiple fluoresence parameters including the average numbers and 
translational diffusion times of fluorescent molecules in the confocal 
illumination/observation volume. FCS has been successfully applied to monitor 
molecular interactions as diverse as drug/target-interactions (Auer et al., Drug 
Discovery Today 1998, 3:457-465; Sterrer and Henco, J Recept Signal 
Transduct Res 1997, 17:511-520), enzymatic and binding studies (Kettling et 
al., Proc Natl Acad Sci USA 1998, 95:1416-1420; Meyer-Almes and Auer, 
Biochemistry 2000, 39:13261-13268) as well as protein aggregation studies 
(Pitschke et al., Nat Med 1998, 4:832-834, Tjernberg et al., Chem Biol 1999, 
6:53-62). In addition, FCS has been shown to be well-suited for qualitative 
and quantitative nucleic acid analysis (Bjorling et al., Biochemistry 1998, 
37:12971-12978; Kinjo, BioTechniques 1998, 25:705-6; Kinjo et al., Anal 
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Biochem 1998, 260:166-172; Kinjo and Rigler, Nucleic Acids Res 1995, 
23:1795-1799; Rigler et al., J Biotechnol 1998, 63:97-109; Walter et al., Proc 
Natl Acad Sci USA 1996, 93:12805-12810; Weiner et al., Digestion 2000, 
61:84-89) and for indirect detection of point mutations in genes (Kinjo and 
Nishimura, Bioimaging 1997, 5:134-138), 

European Patent No. 332435 („Method of detecting nucleotide 
sequences") of Zeneca Ltd., London, and Newton et al. {Nucleic Acid Res 
1989, 17:2503-16) describe a method for detecting the presence or absence 
of at least one nucleotide sequence variation. This method is known as ARMS 
(amplification refractory mutation system). The basis of the invention as 
described in European Patent No. 332435 is that oligonucleotides with a 
mismatched 3'-residue will not function as primers in a PCR reaction under 
appropriate conditions. The method comprises (i) contacting a nucleic acid 
sample with a diagnostic primer which is substantially complementary to a 
diagnostic portion of a target nucleic acid sequence, whereby extension of the 
diagnostic primer on a target template under appropriate conditions is only 
achieved where a terminal nucleotide of the diagnostic primer is 
complementary to either a suspected variant nucleotide or a corresponding 
normal nucleotide of the target nucleic acid sequence, and (ii) detecting the 
presence or absence of an extension product. According to the invention 
described in European Patent No. 332435, a preferred method of detecting and 
distinguishing between multiple amplification products generated by the 
method comprises selecting the position of the amplification primers on the 
target nucleic acid sequence such that the length of each amplification product 
is different. Accordingly, this may be accomplished by varying the distance of 
the amplification primers from the position of the labeling primers such that 
each variant nucleotide is associated with an amplification product of different 
length. The amplification products of different length may then be detected by 
established electrophoretic techniques. The above described detection 
technique, however, has the disadvantage of being time-consuming and non- 
homogeneous, entailing several manual worksteps. Additionally, the technique 
may only be used for simultaneous screening of a sample of target nucleic acid 
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sequences for either the presence or absence of variant nucleotides in multiple 
but different positions on said target nucleic acid sequences, whereas a 
simultaneous analysis of multiple variant nucleotides situated in a defined 
single position is not feasible. Furthermore, the invention described in 
European Patent No. 332435 does not allow for the quantification of target 
nucleic acid sequences. 

The present invention solves the above described limitations and 
features a homogeneous, sensitive, simple, and labor-saving technology for 
the multiplex analysis of nucleic acid sequences termed GALIOS (gene 
amplification and labeling in one system). The novel method is particularly 
useful for the direct detection of known SNPs, point-mutations, variant alleles, 
deletions, insertions, repeats and/or inversions. The current invention features 
a method which utilizes the high specificities of semi-nested polymerase chain 
reaction (Haff, PCR Methods Appl 1994, 3:332-337) with an improved method 
of variant nucleotide-specific amplification. The improved variant nucleotide- 
specific amplification method is characterized by the use of at least two 
substantially similar but distinguishable labeling primers for the analysis of a 
target nucleic acid sequence. The inventive method offers the advantage over 
other systems in that it enables amplification, labeling, and monitoring in a 
homogeneous format. According to the present invention, multiple reaction 
products can be monitored, analyzed and quantified directly and 
simultaneously in a mix-and-measure format, without any post-amplification 
processing or physical separation steps. The monitoring is preferably 
accomplished by the technique of fluorescence correlation spectroscopy (FCS). 

According to one feature of the present invention a method is provided 
for detecting the presence or absence of variant nucleotides contained within 
target nucleic acid sequences, said method comprising the following steps: 
(i) setting up a reaction mix comprising nucleoside triphosphates or 

functional derivatives thereof, a polymerizing agent, at least one pair of 
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target-specific amplification primers capable of hybridizing to target 
nucleic acid sequences, at least one set of labeling primers, each set 
consisting of at least two types of labeling primers capable of hybridizing 
to corresponding target nucleic acid sequences 3 '-relative to said 
amplification primers, such that each set of labeling primers is semi- 
nested relative to the corresponding pair of amplification primers, the at 
least two types of labeling primers of a set of labeling primers being 
characterized by having substantially similar nucleotide sequences 
except for at least the 3 '-terminal nucleotide, which is different for each 
type of labeling primer and complementary to the variant nucleotide, 
whereby an extended labeling primer is being synthesized if the 3'- 
terminal nucleotide of the labeling primer is complementary to the 
corresponding nucleotide in the target nucleic acid sequence, and 
whereby substantially no or a negligible background of extended 
labeling primer is being synthesized when said terminal nucleotide is not 
complementary to the corresponding nucleotide in the target nucleic 
acid sequence, and each type of labeling primer further being 
characterized by carrying a different and distinguishable tag. The 
reaction mix further comprises at least one sample of target nucleic acid 
sequences. 

performing an amplification reaction under conditions permitting 
hybridization of the amplification primers and labeling primers, either 
together or sequentially, to the corresponding target nucleic acid 
sequences, and promoting polymerization; and 

monitoring specific properties of said types of labeling primers during or 
after completion of the amplification reaction, said specific properties 
being indicative for an extension or non-extension of the labeling 
primers, thereby detecting the presence or absence of a variant 
nucleotide contained within a target nucleic acid sequence. 

According to the featured method, it should be appreciated that an 
extension product of the labeling primer is synthesized when the 3'-terminal 
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nucleotide of the labeling primer is complementary to the corresponding 
nucleotide of the target nucleic acid sequence. It should be further noted that 
the term „semi-nested", when referring to the labeling primer, means that 
each type of labeling primer anneals or hybridizes within the region of the 
target nucleic acid sequence that is framed and amplified by the pair of 
amplification primers. Each pair of said amplification primers consists of an 
upstream and corresponding downstream amplification primer, framing the 
region to be analyzed on the target nucleic acid sequence (see Figure 1 for 
illustration). The term „target nucleic acid sequence" as used herein is 
referring to a particular nucleic acid sequence of interest which is suspected of 
containing, or known to contain a variant nucleotide. The term „variant 
nucleotide" as used herein is defined as being a nucleotide contained within a 
target nucleic acid sequence at a defined position which is suspected of being, 
or known to be, variant. This means that a variant nucleotide may comprise 
either of four possible nucleotides (adenosine, guanosine, cytidine, and 
thymidine). In the practice of the invention, for example, a variant nucleotide 
may comprise a point mutation, deletion, insertion, inversion, or a single 
nucleotide polymorphism (SNP). Different alleles of a gene may be defined by 
the presence or absence of a variant nucleotide. It should further be 
appreciated that a sample of target nucleic acid sequences may contain a 
mixed population of target nucleic acid molecules, representing at least two 
different nucleic acid sequences, said target nucleic acid sequences differing at 
least in their nucleotide composition at the position defined by the 
corresponding complementary 3'-terminal nucleotide of the labeling primer. 
Consequently, the reaction mix may contain a mixture of at least two types of 
extended and amplified labeling primers, said multiple amplified types of 
labeling primers being distinguishable by virtue of their different tags. In 
practice, polymorphisms wherein more than two of the four possible 
nucleotides may be present at a given single-base location, are amenable to 
qualitative and quantitative analysis by the described method. The reaction 
mix also comprises nucleoside triphosphates or functional derivatives thereof. 
As used herein, nucleoside triphosphates or functional derivatives thereof are 
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capable of being incorporated into an extension or amplification product. 
Functional derivatives of nucleoside triphosphates comprise, for instance, 
synthetic nucleotides having modified base moieties and/or modified sugar 
moieties. 

In a preferred embodiment the present invention provides a method, as 
hereinbefore described, wherein the concentration of each labeling primer is 
0.1 to 300 times, preferably 5 to 30 times lower than the concentration of the 
at least one pair of amplification primers. The herein described method 
preferably employs at least one pair of target nucleic acid sequence-specific 
amplification primers at high concentrations (e.g. 150 to 300 nM) and at least 
two types of semi-nested, variant nucleotide-specific labeling primers at 
significantly lower concentrations (e.g. 1 to 10 nM) in a single amplification 
reaction, e.g. PCR. During the reaction, the target region of interest, is 
amplified independently of the variant nucleotide sequence, whereas the 
nested labeling primers are extended with high efficiency only depending on 
the variant nucleic acid sequence. The 3'-terminal bases of the labeling 
primers being. complementary to the respective variant nucleic acid sequence 
to be analyzed, there will be an extension of said labeling primer by the 
polymerase only if the 3'-terminal base of the labeling primer specifically 
hybridizes with the complementary base in the target nucleic acid sequence. 
To the contrary, if the 3'-terminal base of the labeling primer is not properly 
annealed to the target nucleic acid sequence, a specific extension is impaired. 
Nevertheless, in the case of high DNA concentrations in the amplification 
reaction an unspecific amplification may occur. In order to minimize the 
unspecific extension, the semi-nested labeling primers are present in lower 
concentrations than the pair of amplification primers. Due to their high 
concentration, the amplification primers dominate the earlier PCR cycles, 
whereas the low concentrated labeling primers are extended predominantly in 
later PCR stages, thereby constituting a temporally and spatially semi-nested 
primer system. This feature has the advantage of leading to high signal-to- 
noise ratios, very high specificity and minimal danger of obtaining false- 
positive results. 
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In another preferred embodiment of the present invention, each labeling 
primer contains at least one of the following tags: fluorescent dyes, 
chemiluminescent tags, electroluminescent tags, affinity or binding tags, 
position specific tags, or tags with specific physical properties such as different 
size, mass, or gyration. 

In a further preferred embodiment of the present invention, the labeling 
primers contain fluorescent dyes, and each type of labeling primer is tagged 
with a different fluorescent dye, such that each type of labeling primer is 
characterized by different excitation- and/or emission spectra, life-time 
properties, polarization properties, fluorescence resonance enery transfer 
(FRET) properties, quantum yields, photostability, or triplet number of 
fluorochromes. 

In another preferred embodiment of the inventive method, said tag- is 
permanently or temporarily attached to the labeling primer, preferably to the 
5'- end of the labeling primer. The methods of linking, attaching, or 
conjugating the tag to the labeling primer depend on the type of tag and the 
position of the tag on the labeling primer and are known in the art. Labeling 
primers and amplification primers are comprised of oligonucleotides which 
typically contain 15 to 30 nucleotides. However, depending on the particular 
complexity of the target sequence, the annealing temperature, and other 
variable factors, the primers may contain more or fewer nucleotides. The 
primers may be comprised of phosphodiester oligonucleotides or modified 
oligonucleotides such as methylphosphonates, phosphotriesters, 
phosphorothioates, phosphoramidates, PNAs, non-phosphate internucleoside 
linkages or mixtures of these. 

In yet another preferred embodiment of the invention, the amplification 
reaction and subsequent simultaneous monitoring of the specific properties of 
the multiple reaction products is performed in a homogeneous format, i.e., in a 
single reaction tube. It is easily appreciated that this embodiment has the 
advantage of increased sample through-put and potential cost and time 
savings. 
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In a further embodiment of the present method the polymerizing agent 
is an enzyme. The synthesis of primer extension products can be 
accomplished, for instance, by E.coli DNA polymerase I, Klenow polymerase, 
phage T4 DNA polymerase, or other DNA polymerases. A preferred enzyme is 
a thermostable DNA polymerase. It is particular/ desirable to use a 
thermostable DNA polymerase which lacks 5'- to 3'-exonuclease activity, e.g., 
a truncated form of T. aquaticus DNA polymerase (Lawyer et al., J Biol Chem 
1989, 264:6427-6437; Lawyer et al., PCR Method Appl 1993, 2:275-287). By 
using such an enzyme the labeling primers are not subject to exonuclease 
degradation from the tag-carrying 5 '-terminal end of the labeling primer 
during the amplification reaction. 

In another embodiment of the present invention the target nucleic acid 
sequences comprise preferably genomic DNA. Additionally, target nucleic acid 
sequences may comprise cDNA, single stranded DNA, double stranded DNA, 
plasmid DNA, mixtures of DNA with other molecules. Furthermore, target 
nucleic acid sequences may be comprised of RNA. When RNA is the starting 
material for the analysis, a reverse transcription reaction and an amplification 
reaction may be performed in the same reaction. The origin of the target 
nucleic acid sequences is preferably human, but it may also originate from 
other organisms, such as other mammals, vertebrates, invertebrates, fungi, 
yeast, bacteria, viruses, and plants. The target nucleic acid sequences may be 
obtained and extracted preferably from blood. It may further be obtained from 
other accessible tissue material and body fluids such as tissue biopsies, tumor 
material, skin, hair, sperm, saliva, cord blood, cerebrospinal fluid, and amniotic 
fluid. Yet another source of target nucleic acid sequences may be from cell 
culture material. Extraction may be performed by a number of techniques 
known to those of ordinary skill in the art (see Sambrook and Russell, 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, New York, 2000). 

In a further preferred embodiment of the invention the monitoring of the 
specific properties of the amplification reaction products may be determined by 
a number of different techniques. For instance, chromatographic techniques 
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such as HPLC, FPLC, capillary elecrophoresis, or gel electrophoresis may be 
employed. Mass spectroscopic or electrochemical techniques may also be 
used. The monitoring can be performed during (i.e., real time analysis) or 
after the completion of the PCR-amplification (i.e., end point analysis). 
Depending on the nature of the labeling tag the invention allows the use of 
fluorimetric, chromatographic, or physical detection systems to measure the 
degre of extension of the labeling primers. In the preferred embodiment, 
fluorimetric analysis is desired for the monitoring of the amplification reaction 
products. The monitoring can be based on fluorescence polarization analysis, 
fluorescence anisotropy analysis, fluorescence intensity analysis, fluorescence 
intensity distribution analysis, fluorescence lifetime analysis, fluorescence 
dichroism analysis, fluorescence resonance energy transfer analysis, 
spectroscopic analysis of excitation and/or emission spectra, or, preferably, 
fluorescence correlation spectroscopy (FCS). It may also be based on 
combinations of these fluorescence based techniques. Furthermore, 
fluorimetric analysis may be carried out in a confocal fluorescence system. For 
multiplex analysis of a homogeneous amplification reaction, fluorescent tags 
with distinguishable optical parameters such as excitation spectra, emission 
spectra, fluorescence life-time, polarization, quantum yields, photostability, or 
triplett number of fluorochromes time are used. In the case of size or mass 
tags, spectroscopy is a preferred detection system. 

In one embodiment of the invention, monitoring the degree of extension 
of a labeling primer comprises the qualitative detection of variant nucleotides 
contained within a sample of target nucleic acid sequences. According to this 
embodiment, an extended labeling primer is indicative for the presence of a 
variant nucleotide, and a non-extended labeling primer is indicative for the 
absence of a variant nucleotide. 

In another embodiment of the invention monitoring the amounts of 
extended labeling primers comprises the quantification of target nucleic acid 
sequences. This feature is particularly useful for genotyping samples of target 
nucleic acid sequences. According to this embodiment quantification may, for 
instance, be achieved by (i) calculating the ratio of the values of individually 
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recorded signals (signal A / signal B), or (ii) by subtracting the value of signal 
B from the value of signal A. 

According to one embodiment of the present invention, the method may 
be used for detecting the presence or absence of one or more variant 
nucleotides associated with an inherited or acquired condition or disease. 

Additionally, according to another embodiment of the present invention, 
the method may be employed for the diagnostic screening of many samples of 
target nucleic acid sequences for inherited or acquired conditions or diseases. 
The method further allows for the screening for the presence or absence of 
one or more variant nucleotides that may be indicative for a predispositon of 
acquiring a certain condition or disease. 

In a further embodiment of the present invention, the method may be 
used for quantifying target nucleic acid sequences, in particular for genotyping 
target nucleic acid sequences. The method may also be useful for the 
determination of the concentration of DNA or RNA, mRNA, or viral DNA or RNA 
in a sample. The use of the method for quantification purposes may be 
preferably desirable for the determination of the copy-number of target nucleic 
acid sequences, in particular in samples derived from tumor tissue. In the 
practice of the invention, in order to increase the quantification range of the 
method, a sample of target nucleic acid sequences may be mixed with a 
defined amount of engineered internal standard nucleic acids. All of the 
present nucleic acid sequences are then co-amplified by a polymerase-chain- 
reaction (PCR) or reverse transcription / polymerase-chain-reaction (RT-PCR) 
using identical pairs of amplification primers but target- and internal standard- 
specific labeling primers. The different types of labeling primers within the 
reaction are distinguished by their tags. The amounts of both types of 
amplification products are determined by e.g. fluorescence or chromatographic 
read out. When the amplification kinetic enters the plateau phase the 
enzymatic amplification efficiency of both targets is reduced. The comparison 
of the internal standard-specific signal with and without target nucleic acid 
sequences reflects the amplification efficiency of the total system. A correlation 
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of the amount of amplified products and total amplification efficiency allows for 
an extension of the quantification range. 

In a second aspect, the present invention provides a kit for detecting 
the presence or absence of variant nucleotides contained within a sample of 
target nucleic acid sequences, said kit comprising: (i) nucleoside triphosphates 
or functional derivatives thereof, a polymerizing agent, at least one pair of 
target-specific amplification primers capable of hybridizing to a target nucleic 
acid sequence, at least one set of labeling primers, each set consisting of at 
least two types of labeling primers capable of hybridizing to a corresponding 
target nucleic acid sequence 3 'relative to said amplification primers, such that 
each set of labeling primers is semi-nested relative to the corresponding pair 
of amplification primers, the at least two types of labeling primers of a set of 
labeling primers being characterized by having substantially similar nucleotide 
sequences except for at least the 3 '-terminal nucleotide, which is different for 
each type of labelling primer and complementary to the variant nucleotide, 
whereby an extended labeling primer is being synthesized when the 3'- 
terminal nucleotide of the labeling primer is complementary to the 
corresponding nucleotide in the target nucleic acid sequence, and each type of 
labeling primer further being characterized by carrying a different and 
distinguishable tag. In case the kit of the present invention is preferably used 
for the quantification of target nucleic acid sequences, it may be desirable to 
include internal standard nucleic acid sequences. Such internal standards are 
engineered nucleic acid sequences being substantially identical to an amplified 
target nucleic acid sequence. In order to ensure comparable enzymatic 
amplification properties of target nucleic acid sequence and corresponding 
internal standard nucleic acid sequence, the altered sequence region should be 
as small as possible, e.g. 1 to 50 nucleotides, preferably 1 to 20, most 
preferably 1 to 4 nucleotides. In case of longer stretches of altered sequence, 
the sequence should be scrambled. This means that the nucleic acid sequence 
is altered in such a way that the overall nucleotide composition (G,C,A,T- 
content) remains substantially unchanged. In case of DNA target nucleic acid 
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sequences, a DNA internal standard is preferred, in case of RNA target nucleic 
acid sequences, an RNA internal standard is preferred. 

The above and other features and advantages of the invention will be 
apparent from the following description of figures and examples. The method 
of the invention is illustrated by means of the example analysis of three SNPs 
associated with increased risk for deep-vein thrombosis, the V Le , den G 169l A 
transition (ZolJer et a!., J Clin Invest 1994, 94:2521-2524), the G 202 ioA 
polymorphism in the prothrombin gene (Poort et al., Blood 1996, 88:3698- 
3703), and the C 677 T mutation in the gene for 5,10-methylenetetrahydrofolate 
reductase (MTHFR) (Frosst et al., Nat Genet 1995, 10:111-113). 



Example 

The specificity, reproducibility, precision, and robustness of the inventive 
method are demonstrated by the analysis of three SNPs associated with 
increased risk for deep-vein thrombosis, the factor V^den G 1691 A transition 
(Bertina et al.. Nature 1994, 369:64-67; Zoller and Dahlback, Lancer 1994, 
343:1536-1538; Zoller et al., J Clin Invest 1994, 94:2521-2524), the G 202 ioA 
polymorphism in the prothrombin gene (Degen and Davie, Biochemistry 1987, 
26:6165-6177; Martinelli et al., N Engl 3 Med 1998, 338:1793-1797; Poort et 
al., Blood 1996, 88:3698-3703), and the C 677 T mutation in the gene for 5,10- 
methylenetetrahydrofolate reductase (MTHFR) (Fodinger et al., J Nephrol 
2000, 13:20-33; Frosst et al., Nat Genet 1995, 10:111-113). 

Experimental Methods 

(!) Blood samples and DNA preparation : EDTA blood samples were received 
from a blood bank and stored at -20°C. Genomic DNA was recovered from 
whole blood using the QIAamp DNA Blood Mini Kit (QIAGEN, Hilden, Germany) 
according to the manufacturer's instructions. DNA was quantified by 
measuring the absorbance at 260 nm and purity of nucleic acids was 
monitored by controlling the 260 nm / 280 nm absorbance ratios. 
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(2) Primer design: Amplification and labeling primers were designed using 
Primer Premier Software, Version 5.00 (Premier Biosoft International, Palo 
Alto, CA, USA). Default settings in the program were used for reaction 
conditions, and the following parameters were set for primer selection: primer 
length = 20 +/- 5 bp; primer melting temperature (Tm) range = 47° - 62°C, 
primer GC-cdntent = 40 - 65%. Additional parameters were set when 
necessary to optimize primer selection. Allele-specific labeling primers were 
positioned with the 3'-terminal base directly at the polymorphic site. Table 1 
lists the nucleic acid sequences of the amplification and labeling primers 
selected for detection of the respective polymorphisms. All primers were 
synthesized by Interactiva (Ulm, Germany). Labeling primers addressing wild- 
type alleles were 5'-tagged with TAMRA by standard phosphoramidite 
chemistry, labeling primers targetted to mutant alleles were linked to N- 
hydroxysuccinimide-activated EVOblue™50 (EVOTEC Biosystems, Hamburg, 
Germany) via a C6-linker at the 5'-terminus. 

(3) Assay conditions for G ALTOS: All PCR reactions were carried out in a final 
volume of 50 ml using the GeneAmp PCR System 9700 (PE Applied 
Biosystems, Weiterstadt, Germany). DNA samples were amplified in duplicates 
and analyzed by FCS directly after cycling without any purification steps. For 
factor V genotyping, the GALIOS reaction consisted of 1 x amplification buffer 
[20 mM Tris-HCI, pH 8.9, 10 mM KCI, 10 mM (NH 4 ) 2 S0 4 , 100 mg/ml BSA, 
0.05% Tween-20], 4 mM MgCI2, 0.2 mM of each dNTP, 5% DMSO, 1 U Q- 
BioTaq (Q-BIOgene, Heidelberg, Germany) and 5 ng genomic DNA. 
Concentrations of amplification and labeling primers were 300 nM and 10 nM 
respectively. The following profile was used for thermal cycling: initial 1 min 
denaturation at 94°C, followed by 40 cycles consisting of 94°C for 10 sec, 
55°C for 10 sec, and 72°C for 10 sec. Samples were maintained at 72°C for 5 
min before holding at 4°C prior to analysis. In case of prothrombin genotyping, 
the GALIOS reaction mixture contained 1 x amplification buffer (same 
composition as described above), 1.5 mM MgCI 2 , 0.2 mM of each dNTP, 1 U Q- 
BioTaq and 10 ng genomic DNA. Amplification and labeling primers were used 
at concentrations of 300 nM and 5 nM respectively. PCR was performed with 
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the following cycling conditions: 1 min at 94°C, followed by 40 cycles of 94°C 
for 10 sec, 50°C for 35 sec, and 72°C for 20 sec. Final extension was at 72°C 
for 5 min. For MTHFR genotyping, the GALIOS reaction mixture contained 1 x 
amplification buffer (same composition as described above), 1.5 mM MgCI 2 , 
0.2 mM of each dNTP, 1 u Q-BioTaq and 25 ng genomic DNA. Primer 
concentrations were as in factor V genotyping. Thermal cycling comprised: 1 
min at 94°C followed by 40 cycles of 94°C for 25 sec, 55°C for 25 sec, and 
72°C for l min. Final extension was at 72°C for 5 min. 

(4 ) Assay conditions for PCR a ll e l P -specific restriction analysis TPCR-a^pa) - 
For factor V genotyping a PCR reaction was performed in a final volume of 50 
ml consisting of: 1 x amplification buffer [20 mM Tris-HCI, pH 8.9, 10 mM KCI, 
10 mM (NH 4 ) 2 S0 4 , 100 mg/ml BSA, 0.05% Tween-20], 4 mM MgCI 2 , 0.4 mM of 
each dNTP, 5% DMSO, 300 nM sense primer (5 '- 
GGGCTAATAGGACTACTTCTAATC-3'), 300 nM antisense primer (5'- 
AGCCAGGAGACCTAACAT-3'), 1 U Q-BioTaq and 300 ng genomic DNA. PCR 
amplification was achieved using the following cycling conditions: initial 5 min 
denaturation at 94°C followed by 40 cycles consisting of 94°C for 45 sec, 55°C 
for 45 sec, and 72°C for 30 sec. Finally, an elongation step at 72°C for 5 min 
was performed. The amplified 135 bp PCR product was purified by ethanol 
precipitation and digested with 10 U Mnl I (New England Biolabs GmbH, 
Frankfurt, Germany) at 37°C for 1.5 hours. Digested samples were analyzed 
by electrophoresis in a 3% TAE-agarose gel stained with ethidium bromide. A 
100-bp DNA ladder (Life Technologies, Karlsruhe, Germany) was used as size 
marker. 

(5) Data acquisition and analysis : After thermal cycling, 5 ml of each PCR 
reaction mix analyzed by agarose-gel electrophoresis to monitor successful 
PCR amplification. 20 ml of each PCR reaction mix were transferred to 96-well 
microplates (Un.View™, Whatman via Merck Eurolab, Bochum, Germany) 
without any post-PCR-modification. FCS measurements were performed on a 
modified confocal microscope Olympus 1X50 (Olympus, Hamburg, Germany) 
equipped with standard filter sets for excitation with a helium-neon laser 
(either 543 or 632 nm line, 40 mW, Uniphase), UApo 40x/l.i5W objective, 
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pinhole 50 mM. Each PCR reaction mix was measured 5 times, 4 seconds each, 
at both 543 nm and 632 nm. From the photon count signal, the 
autocorrelation curve was calculated and evaluated with the autocorrelation 
function G(t) using a two-component model corresponding to free and 
extended primer (Schwille et al., Biophys J 1997, 72:1878-1886): 




where T is the average fraction of dye molecules in the triplet state with 
relaxation time t; N is the total average number of fluorescent molecules in the 
observation volume; Y is the relative fraction of extended primer; t free and tp 0ly 
define the average diffusion times for free primers and extended primers (i.e., 
the PCR product), respectively, through the confocal observation volume. The 
parameter S = r 0 /z 0 describes the ratio of the radius to the length of the 
detection area, where r 0 and z 0 are lateral and axial radii defining the football- 
like confocal observation volume (i.e., the distances between the coordinate 
where the Gaussian distribution of the emission light reaches its maximum 
value and the point where the light intensity decreases to 1/e 2 of this 
maximum value). FCS data evaluation was performed with the the FCS+plus 
software (Version 1.00, EVOTEC BioSystems, Hamburg, Germany) and 
provided translational diffusion times and relative fractions of fluorescent 
primers and PCR products. The relative fraction of PCR product from 10 
measurements (resulting from duplicate PCR reactions, each measured 5 
times) was calculated to means +/- standard deviation (SD). This was done 
separately for measurements obtained at 543 nm or 632 nm. Finally, the 
543/632 ration was calculated from the corresponding means of each 
(duplicate) probe. The standard deviation (SD X/y ) of the 543/632 ratio was 
calculated according to: 
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with X(Y) representing means at 543 (632) nm and SD X (SD y ) representing the 
corresponding SD. 95% confidence intervals of the 543/632 ratios were 
calculated as: 



543/632 ± 1.96 x (Si* 

L VTo J 

Results and Analysis : 

The applicability of the method of the invention (GALIOS) for determining the 
presence or absence of variant nucleotides was examined by comparing it 
with an established method for genotyping. A sample of genomic target nucleic 
acid sequences with known allelic constitutions at the G 1691 A polymorphic site 
(i.e. the variant nucleotide) of the factor V gene (wt: G/G; hz: G/A; mut: A/A) 
was examined in parallel by (1) conventional PCR amplification and subsequent 
allele-specific restriction analysis (PCR-ASRA) and by (2) the GALIOS method. 
For PCR-ASRA, a 135 bp region containing the G 1691 A polymorphism of the 
factor V gene was amplified from the target nucleic acid sequences and was 
subsequently digested with Mnl I (Figure 3A,B). Because the G 1691 A transition 
destroys an Mnl I restriction site in the factor V gene, the amplification product 
obtained from the mutant target nucleic acid sequences remained undigested 
while in the case of wildtype target nucleic acid sequences, the amplification 
product was cut into a 43 bp and a 92 bp fragment. Mnl I digestion of the 
amplification product obtained from heterozygous target nucleic acid 
sequences yielded three DNA fragments of 43 bp, 92 bp and 135 bp. For 
genotyping by the GALIOS method, the same samples of genomic target 
nucleic acid sequences and a negative control (containing no target nucleic 
acid sequences) were amplified in duplicates by the GALIOS method. After 40 
thermal cycles, the reaction mixes were analyzed without any post-PCR 
processing, physical separation, or dilution steps by fluorescence correlation 
spectroscopy (Figure 3C). The volume of the detection field at 543 nm and 632 
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nm was determined by measuring 5 nM TAMRA and 5 nM EVOblue™50, 
respectively. The ratio of the radius to the length of the confocal detection 
volume, S, was 6.9 at 543 nm and 3.4 at 632 nm. The translational diffusion 
time of the free labeling primers, T fre e, defined from the GALIOS negative 
control reaction was 0.153 ms at 543 nm and 0.342 ms at 632 nm. The 
translational diffusion time of the 314 bp fluorescent amplification product, t 
poiy, was evaluated by curve fitting of the autocorrelation data with fixed values 
for S and T free and yielded 1.348 ms at 543 nm and 2.073 ms at 632 nm. 
Because the translational diffusion times of non-extended primers and 
amplified products were clearly distinguishable at both 543 nm and 632 nm, it 
was possible to quantify the fractions of the amplified products. All samples 
were measured 5 times, for 4 seconds each, at 543 nm and 632 nm. The 
values of S, x free , and x P oi y were fixed in the fitting algorithm as described above 
to reduce the numbers of free parameters and to quantify the fractions of the 
amplified products. Means ± SD of the relative fractions of fluorescent 
amplification product were calculated for each genotype. The reactions 
containing factor V wildtype target nucleic acid sequences produced 42.85 ± 
1.77 % amplification product at 543 nm, but only 4.14 ± 0.61 % amplification 
product at 632 nm. Heterozygous target nucleic acid sequences for the factor 
V G 1691 A polymorphism yielded significant amplification product fractions at 
both wavelengths, 31.50 ± 1.30 % at 543 nm and 52.40 ± 1.10 % at 632 nm. 
Target nucleic acid sequences containing only the mutant factor V Lelden allele 
had amplification product values of only 2.52 ± 0.99 % at 543 nm, but 61.95 ± 
0.29 % at 632 nm. The control reactions which contained no target nucleic 
acid sequences had only very low background amplification product fractions 
at both wavelengths: 1.83 ± 0.11 % at 543 nm and 1.24 ± 0.94 % at 632 nm. 
In all cases, amplification product values indicating allele-specific primer 
extension were at least 15-fold higher than the corresponding background 
noise at the respective wavelength. By calculation of the 543/632 ratios of the 
amplification product values from each duplicate sample, representative values 
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for each genotype (Figure 3D) were obtained. Overall, the genotyping results 
obtained by the method of the invention were comparable to the results 
obtained by the PCR-ASRA genotyping procedure. To further evaluate the 
specificity of the method of invention, 18 samples of target nucleic acid 
sequences with known factor V genotypes, six samples for each genotype, 
were amplified in duplicates and analyzed as described above. All of the 18 
samples were assigned a correct genotype. False-positive or false-negative 
genotype determinations were not observed. Figure 4A illustrates means ± SD 
of relative amplification product fractions for each genotype: wildtype (543 
nm): 44.79 ± 4.0 %; wildtype (632 nm) 4.22 ± 3.03 %; heterozygous (543 
nm): 33.04 ± 4.55 %; heterozygous (632 nm) 41.98 ± 4.88 %; mutant (543 
nm): 4.09 ± 2.38 %; mutant (632 nm) 64.05 ± 4.63 %. The mean 543/632 
ratios ± SD of the amplification product fractions were again distinct for each 
genotype: 10.61 ± 5,13 for wildtype, 0.79 ± 0.08 for heterozygous and 0.06 ± 
0.04 for mutant samples of target nucleic acid sequences. 

Reproducibility and precision of the method of invention were examined by 
analyzing each of the three different factor V genotypes in 36 independent 
experiments: 18 samples of target nucleic acid sequences, (six samples for 
each genotype) were analyzed in parallel by three different experimentators 
on two following days. The total test set comprised 108 individual reactions, 
and each individual sample of target nucleic acid sequences was genotyped six 
times. All of the reactions resulted in correct genotype determination. These 
results underline the very high reproducibility (100 %) of genotyping by the 
method of invention. Figure 4B lists the mean 543/632 ratios ± SD for each 
genotype. At 95 % confidence, the 543/632 ratios for factor V wildtype, 
heterozygous and mutant samples range from 9.49 -12.49, 0.63 - 0.67 and 
0.03 - 0.05, respectively. These data show that although the assays were 
carried out on different days, by different experimentators, and with different 
samples of target nucleic acid sequences for a given genotype, the obtained 
results were highly reproducible and precise. 
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Furthermore, the specificity of the method of invention was examined by 
analyzing 9 genomic samples of target nucleic acid sequences (3 samples for 
each factor V genotype) in the presence of a ~250-fold molar excess of 
genomic DNA from Saccharomyces cerevisiae (Figure 5). The genotyping 
results were correct in all cases and yielded values practically identical to those 
obtained from control reactions without S. cerevisiae DNA. The data 
demonstrated that the method of invention is highly specific and provides 
unambiguous results even in the presence of a high background of 
contaminating DNA. 

In another set of experiments, the robustness of genotyping by the method of 
invention upon addition of varying amounts of target nucleic acid sequences 
was examined. Three samples for each factor V genotype were analyzed by 
the method of invention. The amount of target nucleic acid sequences varied 
from 2.5 to 7.5 ng per assay. As shown in Figure 6, changing the total amount 
of target nucleic acid sequences by ± 50% did not have significant effects on 
the quality and quantity of the fluorescence signal. 

In order to verify that the method of invention is generally suited for single 
nucleotide polymorphism (SNP) detection, two additional SNPs which, like the 
factor Voider, G 1691 A polymorphism, have been reported to play a role in the 
predisposition to deep-vein thrombosis, were analyzed: the G 202 ioA 
polymorphism in the prothrombin gene and the C 57 7T mutation in the gene for 
5,10-methylenetetrahydrofolate reductase (MTHFR). 

For both SNPs, 18 samples of target nucleic acid sequences with known 
genotypes, (six samples for each genotype) were amplified and analyzed 
according to the experimental strategy described above for factor V. All of the 
36 genotypes were assigned correctly with no false-positive or false-negative 
determinations. Figure 7 (A,C) illustrates means ± SD of relative amplification 
product fractions for each genotype of prothrombin and MTHFR, respectively. 
The reproducibility and precision of prothrombin- and MTHFR genotyping by 
the method of invention were analyzed by the same experimental setup as 
described above for factor V: each genotype of each polymorphism was 
examined independently 36 times, with six individual determinations for each 
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sample of target nucleic acid sequences. All of the 216 reactions provided 
correct SNP scoring. At 95 % confidence, the values for wildtype, 
heterozygous and mutant samples ranged from 9.77 - 14.57, 1.00 - 1.12, and 
0.10 - 0.14 for prothrombin and from 10.96 -15.50, 0.96 - 1.04, and 0.10 - 
0.11 for MTHFR, respectively (Figure 7B,D). 

Description of Figures : 

Fiqure 1 illustrates one embodiment of the principle of the inventive GALIOS 
method for the analysis of variant nucleic acid sequences. Gene specific 
amplification primers (F,R) amplify wildtype and mutant alleles with equal 
efficiency. Allele-specific labeling primers (L1,L2) are attached to different and 
distinguishable fluorescent tags and simultaneously amplify efficiently only the 
allele with the corresponding variant nucleotide. This results in allele-specific 
accumulation of fluorescent amplification products detectable preferably by 
fluorescent correlation spectroscopy. 

Fjgure_2 depicts the read out of the analysis of the factor V polymorphism by 
GALIOS using fluorescence correlation spectroscopy (FCS). A) The relative 
amounts of the two labeling primers and their extension products are 
determined by the present method. The three factor V genotypes (AA, AB, BB) 
are represented on the x-axis, and the corresponding amount of extension 
product (fluorescence signal in relative units) are shown on the y-axis. The 
black bars show the TAMRA-labeled products (excited at 543 nm), and the 
hatched bars show the EVOblue™ 50-labeled products (excited at 632 nm) 
amplified in the same reaction. B) For the purpose of more convenient 
genotyping, the measured fluorescence signals for the TAMRA-labeled 
molecules are divided by the fluorescence signal for the EVOblue™50-labeled 
molecules. The obtained values allow for unambiguous and highly specific 
genotyping. 

Figure^ illustrates the analysis of the G 1691 A polymorphism of the factor V 
gene by conventional amplification followed by allele-specific restriction 
analysis (PCR-ASRA) and by the method of the invention (GALIOS). A) 
Schematic illustration of the Mnl I restriction digestion. A 135 bp amplification 
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product from the wildtype allele is cut into a 43 bp and a 92 bp fragment while 
the amplification product obtained from the mutant allele remains undigested. 
B) Analysis of Mnl I restriction by agarose gel electrophoresis. Lanes 1,8: 100 
bp DNA ladder. Lanes 2-7: PCR products from genomic DNA being wildtype, wt 
(2,3), heterozygous, hz (4,5) or mutant, mut (6,7) for the factor V G 1691 A 
polymorphism' before (2,4,6) and after (3,5,7) Mnl I digestion. All samples 
yielded the expected restriction fragment patterns, i.e., 92 bp and 43 bp for 
wildtype; 135 bp, 92 bp and 43 bp for heterozygous; and 135 bp for mutant 
DNA. C) GALIOS genotyping of the factor V G 169 iA polymorphism. Means +/- 
SD of relative fractions of fluorescent PCR product obtained at 543 nm and 632 
nm for each factor V genotype (wt, hz, mut) and for a negative control without 
template (n.c). D) Mean 543/632 ratios +/- SD and corresponding 95% 
confidence intervals for each factor V genotype. 

Figure 4 shows data for the specificity, reproducibility and precision of the 
method of invention. A) Six genomic DNA samples were analyzed for each 
factor V genotype. The graph shows means +/- SD of relative fractions of 
fluorescent amplification products obtained at 543 nm and 632 nm for each 
genotype. B) Mean 543/632 ratios +/- SD and corresponding 95% confidence 
intervals for each factor V genotype are listed. Data were obtained from n = 
36 independent determinations of each genotype. 

Figure 5 depicts the specificity of the GALIOS method in the presence of 
contaminating template. GALIOS genotyping was performed in parallel with 
human genomic DNA and with a mixture of human genomic DNA and 
contaminating S. cerevisiae DNA (5 ng each). This represents a 250-fold molar 
excess of S. cerevisiae DNA over human genomic DNA. Three genomic DNA 
samples for each genotype were tested. Data represent means +/- SD of 
fluorescent signals for each genotype. 

Figure 6 exemplifies the robustness of the GALIOS method of determining the 
presence or absence of variant nucleotides. The amount of target nucleic acid 
sequences in the assay was varied by +/- 50% of the optimal concentration (5 
ng). Three genomic DNA samples for each genotype were analyzed. Data 
represent means +/- SD of fluorescent signals for each genotype. 
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Rqure 7 shows the result s of GALIOS genotyping of the prothrombin G 20210 A 
and the MTHFR C 677 T polymorphisms. A,C) Six genomic DNA samples for each 
prothrombin (A) or for each MTHFR (C) genotype were analyzed in duplicates. 
The graphs show means +/- SD of relative fractions of fluorescent PCR 
products obtained at 543 nm and 632 nm. B,D) Mean 543/632 ratios +/- SD 
and corresponding 95% confidence intervals for each prothrombin (B) and 
MTHFR (D) genotype are listed. Data were obtained from n = 36 independent 
determinations of each genotype. 
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Claims 

1. A method of detecting the presence or absence of variant nucleotides 
contained within target nucleic acid sequences, said method comprising 
the folldwing steps: 

(i) setting up a reaction mix comprising: 

• nucleoside triphosphates, or functional derivatives thereof 

• a polymerizing agent 

• at least one pair of target-specific amplification primers 
capable of hybridizing to target nucleic acid sequences 

• at least one set of labeling primers, each set consisting of at 
least two types of labeling primers capable of hybridizing to 
corresponding target nucleic acid sequences 3 '-relative to said 
amplification primers, such that each set of labeling primers is 
semi-nested relative to the corresponding pair of amplification 
primers, 

the at least two types of labeling primers of a set of labeling 
primers; being characterized by having substantially similar 
nucleotide sequences except for at least the 3 '-terminal 
nucleotide, which is different for each type of labeling primer 
and complementary to the variant nucleotide, whereby an 
extended labeling primer is being synthesized if the 3'- 
terminal nucleotide of the labeling primer is complementary to 
the corresponding nucleotide in the target nucleic acid 
sequence, and whereby substantially no or a negligible 
background of extended labeling primer is being synthesized if 
said terminal nucleotide is not complementary to the 
corresponding nucleotide in the target nucleic acid sequence 
and each type of labeling primer further being characterized by 
carrying a different and distinguishable tag; and 

• at least one sample of target nucleic acid sequences 
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(iii) 



performing an amplification reaction under conditions 
permitting hybridization of the amplification primers and labeling 
primers, either together or sequentially, to the corresponding 
target nucleic acid sequences, and promoting polymerization; 
and 

monitoring specific properties of said types of labeling 
primers during or after completion of the amplification reaction, 
said specific properties being indicative for an extension or non- 
extension of the labeling primers, thereby detecting the presence 
or absence of a variant nucleotide contained within a target 
nucleic acid sequence. 

The method according to claim 1 wherein the concentration of each 
labeling primer is 0.1 to 300 times, preferably 5 to 30 times lower than 
the concentration of each amplification primer. 

The method according to claims 1 and 2 wherein each labeling primer 
contains at least one tag selected from the group consisting of 
fluorescent dyes, chemiluminescent tags, electroluminescent tags, 
affinity or binding tags, position specific tags, and/or tags with specific 
physical properties such as different size, mass, or gyration. 

The method according to claims 1 to 3 wherein the labeling primers 
contain fluorescent dyes, and wherein each type of labeling primer is 
tagged with a different fluorescent dye, such that each type of labeling 
primer is characterized by different excitation- and/or emission spectra, 
life-time properties, polarization properties, fluorescence-resonance- 
energy-transfer (FRET) properties, quantum yields, photostability, or 
triplet number of fluorochromes. 
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The method according to claims 1 to 4 wherein the tag is permanently 
or temporarily attached to the labeling primer, preferably to the 5'- end 
of the labeling primer. 

The method according to claims 1 to 5 wherein the amplification 
reaction and monitoring are performed in a homogeneous format. 

The method according to claims 1 to 6 wherein the polymerizing agent is 
an enzyme, preferably a DNA polymerase, preferably a thermostable 
DNA polymerase, most preferably a thermostable DNA polymerase 
which lacks 5 to 3 '-exonuclease activity. 

The method according to claims 1 to 7 wherein a sample of target 
nucleic acid sequences is selected from a group comprising genomic 
DNA, cDNA, single stranded DNA, double stranded DNA, plasmid DNA, 
RNA, mixtures of DNA with other molecules, DNA or RNA from human 
sources or other sources such as mammals, vertebrates, Invertebrates, 
bacteria, viruses, yeast, fungi, or plants. 

j 

The method according to claims 1 to 8 wherein the monitoring of the 
specific properties of said amplification reaction products is determined 
by chromatographic techniques such as HPLC, FPLC, capillary 
electrophoresis, gel electrophoresis, or by mass spectroscopic or 
electrochemical techniques or, preferably by fluorescent techniques such 
as fluorescent polarization spectroscopy, fluorescent life-time 
spectroscopy, fluorescence intensity distribution analysis (FIDA), 
fluorescence dichroism analysis, fluorescence intensity analysis, 
fluorescence resonance energy transfer (FRET) analysis, spectroscopic 
analysis of excitation and/or emission spectra, or, in particular, by 
fluorescence correlation spectroscopy. 



WO 01/71028 



PCT/EP0 1/03397 



- 28 



10. The method according to claims 1 to 9 wherein monitoring the degree of 
extension of a labeling primer comprises the qualitative detection of 
variant nucleotides contained within a sample of target nucleic acid 
sequences, insofar as an extended labeling primer is indicative for the 
presence of a variant nucleotide and a non-extended labeling primer is 
indicative for the absence of a variant nucleotide. 

11. The method according to claims 1 to 9 wherein monitoring the amounts 
of extended labeling primers comprises the quantification of target 
nucleic acid sequences, in particular the genotyping of samples of target 
nucleic acid sequences, preferably by (i) calculating the ratio of the 
values of individually recorded signals (signal A / signal B), or (ii) by 
subtracting the value of signal B from the value of signal A. 

12. Use of the method according to claims 1 to 11 for detecting the 
presence or absence of one or more variant nucleotides associated with 
an inherited or acquired condition or disease. 



13. 



Use of the method according to claims 1 to 11 for diagnostic screening 
of samples of target nucleic acid sequences for inherited or acquired 
conditions and diseases, and for screening for predispositons to such 
conditions and diseases. 



14. Use of the method according to claims 1 to 11 for quantifying target 
nucleic acid sequences, in particular for genotyping target nucleic acid 
sequences, determining the concentration of DNA, or RNA, or mRNA, or 
viral RNA in a sample, or determining the copy-number of target nucleic 
acid sequences, particularly determining the copy-number of target 
nucleic acid sequences in samples derived from tumor tissue. 
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15. A kit for detecting the presence or absence of variant nucleotides 
contained within a sample of target nucleic acid sequences, said kit 
comprising: 

• nucleoside triphosphates or functional derivatives thereof 



• x at least one pair of target-specific amplification primers 

. capable of hybridizing to target nucleic acid sequences 

• at least one set of labeling primers, each set consisting of at 
least two types of labeling primers capable of hybridizing to 
corresponding target nucleic acid sequences 3 ' -relative to said 
amplification primers, such that each set of labeling primers is 
semi-nested relative to the corresponding pair of amplification 
primers, 

the at least two types of labeling primers of a set of labeling 
primers being characterized by having substantially similar 
nucleotide sequences except for at least the 3 '-terminal 
nucleotide, which is different for each type of labeling primer 
and complementary to the variant nucleotide, whereby an 
extended labeling primer is being synthesized if the 3'- 
terminal nucleotide of the labeling primer is complementary to 
the corresponding nucleotide in the target nucleic acid 
sequence, and whereby substantially no or a negligible 
background of extended labeling primer is being synthesized if 
said terminal nucleotide is not complementary to the 
corresponding nucleotide in the target nucleic acid sequence, 
and each type of labeling primer further being characterized by 
carrying a different and distinguishable tag. 



16. The kit according to claim 15 comprising at least one sample of internal 
standard nucleic acid sequences. 



a polymerizing agent 
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Allele A: 



I* it 



L1 



Allele B: 



L2 



R 



Allele A: 



^ labeling primer LI extension product 




^ labeling primer L2 no product 



Allele B: 



no product 



^ labeling primer L 1 



€ ^ labeling primer L 2 extension product 
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Figure 2 




B) 



ratio fluorescence signal 
543/633 nm (mean ± SD) 

genotype AA 10.99 ± 2.43 



genotype AB 



0.65 ± 0.04 



genotype BB 



0.04 ±0.01 
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Figure 3 



A) 



B) 



C) 



PCR product f- 



135 bp 



witdlype allele \- 



43 bp 



Mnl I 
1 — 



92 bp 



mutant allele (- 



135 bp 



600 bp 



135 bp- 
92 bp- 
43 bp- 



1 2 



14 5 

■**... ■ • ■ 



mm. 






D) 





ratio 543 / 632 nm 


95 % 




±SD 


confidence interval 


wt 


10.35 ± 1.58 


9.37 - 11.33 


hz 


0.60 ± 0.03 


0.58 - 0.62 


mut 


0.04 ± 0.02 


0.03 - 0.05 
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Figure 4 



o 



2? 20 




mut 



factor V 


ratio 543 / 632 nm 
±SD 
n = 36 


95 % 
confidence interval 


wt 


10.99 ±2.43 


9.49 - 12.49 


hz 


0.65 ± 0.04 


0.63 - 0.67 


mut 


0.04 ±0.01 


0.03-0.05 
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Figure 5 




5 ng H. sapiens DNA 5 ng H. sapiens DNA 

+ 5 ng S. cerevisiae DNA 
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Figure 6 
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Figure 7 




D 



rom bin 


ratio 543 / 632 nm 


95% 


cc 

LL_ 


ratio 543 / 632 nm 


95% 


Prothi 


± SD; n = 36 


confidence interval 


i — 


± SD; n = 36 


confidence interval 


wt 


12.17 ±3.87 


9.77 - 14.57 


wt 


13.23 ±3.66 


10.96-15.50 


hz 


1.06 ±0.10 


'1.00-1.12 


hz 


1.00 ±0.06 


0.96-1.04 


mut 


0.12 ±0.03 


0.10-0.14 


mut 


0.11 ±0.02 


0.10-0.11 
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